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Summary

Epidemiologic evidence suggests obese premenopausal women experience a reduced risk of breast cancer. The
mechanism underlying this protection is not fully understood although it is well documented that abdominal obesity
may impair ovulatory function and reduce gonadal steroidogenesis. We measured levels of several metabolic
markers that are modified by obesity [measured by body mass index (BMI, (weight (kg)/height (m2)))] and play a
role in the reproductive axis, including, leptin, insulin-like growth factor I (IGF-I), insulin-like growth factor
binding protein 3 (IGFBP3), c-peptide and prolactin in 233 cases and 251 controls participating in a retrospective
study of breast cancer in young women conducted in the Seattle/Puget Sound region between 1990 and 1992.
Consistent with the finding of a reduced risk with increasing BMI, risks declined with leptin levels, although to a
lesser degree with odds ratios (OR) for the highest vs. lowest quartile of BMI=0.34 (95% C.I. 0.3–0.8) and for
leptin=0.71 (95% C.I. 0.5–1.3). IGF-I, IGFBP3, c-peptide and prolactin were not related to breast cancer risk in a
dose-dependent manner. With the possible exception of leptin, our findings do not suggest that these markers
explain the breast cancer protection provided by obesity in premenopausal women.

Introduction

The role of obesity in breast cancer etiology is complex.
While increasing risk in postmenopausal women [1],
most studies in premenopausal women suggest the
association with obesity is reversed [2]. The reasons for
this reduced risk in menstruating women are not entirely
understood although it is well documented that
abdominal obesity may impair ovulatory function and
reduce gonadal steroidogenesis. We hypothesized that
several biomarkers which are modified by obesity and
play a role in the reproductive axis may be linked to
breast cancer risk in young women.

Leptin, the protein product of the ob gene, is involved
in the regulation of body weight and composition with
serum concentrations determined largely by fat mass. Ob
gene expression occurs primarily in adipose tissue, but
activity has been demonstrated in other tissues, including
the breast, where the leptin receptor has also been
identified. Leptin has been shown to enhance estrogen
concentrations in the breast and to stimulate the prolif-
eration of normal and malignant breast epithelial cells in
animal models [3]. Epidemiologic findings are limited.

Two investigations have been reported in premenopausal
women using bloods collected at the time of case diag-
nosis [4,5], one of which found reduced breast cancer risk
associated with elevated leptin levels [4].

Insulin and IGFs are involved in many functions,
including the regulation of energy metabolism [6] and
playing a role in the reproductive axis [7]. Included in the
IGF family are two polypeptide ligands (IGF-I and IGF-
2) and at least six binding proteins, with IGFBP3 the
predominant carrier protein for IGF-I. Accumulating
evidence suggests insulin induces morphologic altera-
tions in the ductal epithelium of normal, dysplastic, and
fibroadenomatous human breast tissue [8], while IGFs
help control cell growth, differentiation and apoptosis in
normal and neoplastic breast tissues [9]. The link be-
tween hyperinsulinemia and breast cancer is not consis-
tent. Most [10–13], but not all case–control studies [14]
show an association, and studies using prospectively
collected samples do not support this finding [15,16].
Moreover, a reduced breast cancer risk has been sug-
gested for diabetic women in the Nurse’s Health Study
[17]. IGF-I has been linked to premenopausal breast
cancer in some [16,18–20], but not all cohorts [15,21] and
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the role of IGFBP3 in breast cancer etiology is incon-
clusive. Initial reports suggested an inverse relationship
with premenopausal disease [19,22], but a recent meta-
analysis of data from cohort studies showed modest
increased risks in premenopausal women [9].

Prolactin, a peptide hormone secreted by the anterior
pituitary, is critical for mammary gland development
and differentiation and recent evidence suggests pro-
lactin synthesis and secretion also occurs in the breast,
with estrogen enhancing this synthesis. A link between
obesity and hyperprolactinemia is well recognized, al-
though the underlying mechanism for this association is
not clear. During lactation, prolactin mobilizes lipids
from adipose tissue, while in non-lactating women hy-
perprolactinemia increases appetite and promotes fat
mobilization and deposition [23]. The epidemiologic
evidence for its role in breast cancer is limited and based
on small studies linking prolactin to premenopausal
disease [24].

We had the opportunity to investigate the breast
cancer risk associated with circulating levels of leptin,
non-fasting c-peptide (a marker of endogenous insulin
production), IGF-I, IGFBP3, and prolactin in young
women who participated in an incident population-
based case–control study conducted between 1990 and
1992. Bloods were provided by a subset of participants
in the Seattle/Puget Sound component of the study.

Material and methods

Case–control study design and population

The design of this study has been reported [25]. Briefly,
subjects were participants in a population-based case–
control study of breast cancer in women aged 25–44
conducted between 1990 and 1992 in Atlanta, GA,
Seattle/Puget Sound, WA, and five counties in central
NJ. Bloods were collected from a subset of participants
in the Seattle/Puget Sound region, where incident breast
cancer cases diagnosed between May 1990 and Decem-
ber 1992 were identified and frequency matched to
controls by 5 year age groups. Controls were identified
through random digit dialing using a screening interview
to obtain household composition at each number iden-
tified in the Seattle/Puget Sound sampling frame. Par-
ticipation was obtained from 90.5% of the 5722
telephone numbers, and from this, a stratified random
sample of controls was selected.

A total of 712 cases and 748 controls were eligible for
study, with 644 cases and 610 controls completing the in-
person interview (response rates were 90.4% and 81.6%,
respectively). The majority of non-respondents were
refusals (58 cases, 110 controls), with the remaining due
to the subject moving out of the catchment area (7 cases,
19 controls), language problems (1 case, 8 controls) and
death (2 cases, 1 control). Overall, the response rate for
controls (including participation rates for both the
telephone screener and interview) was 73.8%.

Interviews were conducted in-person and obtained
information about demographic factors, reproductive
and menstrual history including exogenous hormone
use, medical history, cancer in family members, alcohol
and tobacco use, anthropometry and physical activity.
Anthropometric measures were obtained following the
interview. Hospital records were abstracted for clinical
data and tumor pathology for the cases.

Blood collection and laboratory methods

Initially, attempts to collect bloods were restricted to
women with breast cancer who could provide samples
prior to surgery and adjuvant therapy and lived within a
45-mile radius of Seattle. Eligibility criteria were later
broadened to improve participation rates, and included
women who lived outside the proscribed radius and were
at least 6 weeks post-surgery but pre-adjuvant therapy.
Of the 644 breast cancer cases completing an interview,
405 were not contacted for blood collection, including
326 who were less than 6 weeks post-surgery or under-
going adjuvant therapy, 46 who were surgically or nat-
urally menopausal at the time of interview, 5 who were
pregnant or less than 6 months postpartum, 25 who
were out of the catchment area, and 3 for other reasons.
Of the 239 cases contacted, 233 agreed to donate blood
(97.4%). For the controls, blood collection was re-
stricted to a sample of participants in the interview study
who lived within the 45-mile radius of the Seattle/Puget
Sound region. Of the 610 controls interviewed, 300 were
not contacted for the following reasons: 54 were surgi-
cally or naturally menopausal at interview; 33 were
nursing, pregnant, or less than 6 months postpartum,
208 were out of the catchment area, and 5 were taking
hormone supplements or blood thinners. Thus, of the
310 women contacted, 251 (80.9%) donated blood, 52
women refused and 7 did not participate for other rea-
sons.

Bloods were collected using standard procedures,
placed on ice, and transported to a repository where
serum was aliquotted within 4 h of collection and kept
in long-term storage at )70 �C. Assays for leptin, pro-
lactin, c-peptide, IGF-I and IGFBP3 were conducted at
Diagnostic Systems Laboratory (DSL), Webster TX.
Leptin and prolactin were measured by non-competitive
immunoradiometric assays (IRMA) in which the analyte
is ‘‘sandwiched’’ between two antibodies. C-peptide was
measured by radioimmunoassay (RIA) using standard
methods, while IGF-I and IGFBP3 were measured by
an enzyme-linked immunosorbent assay (ELISA). CVs,
obtained by placing four blinded quality control samples
randomly into each batch, were as follows: leptin, 5%
and 10% (within and between batches, respectively);
prolactin, 5% and 9.2% (within and between); c-pep-
tide, 4.4% and 5% (within and between); IGF-I, 5%
and 15.8% (within and between); and IGFBP3, 4.5% and
14.3% (within and between). Limits of detection for as-
says are as follows: leptin, 0.1 ng/ml; IGF-I, 0.03 ng/ml;
IGFBP3; prolactin, 0.1 ng/ml; c-peptide, 0.01 ng/ml.
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Samples from cases and frequency matched controls
were analyzed in the same batch.

Statistical analysis

The initial analyses included all women who partici-
pated in the blood collection. To address the concern
that levels of circulating hormones may influence some
or all of these biomarkers, we also restricted analyses to
168 cases and 195 controls included in an earlier
assessment of sex steroid hormones [26]. From interview
data obtained at the time of blood collection, this ex-
cluded women who were: naturally or surgically meno-
pausal (15 cases, 4 controls), pregnant, <6 months
postpartum or <6 months post lactation (5 cases, 8
controls), using oral contraceptives or hormone sup-
plements in past 6 months (20 cases, 32 controls), or
other (25 cases, 12 controls). Finally, with the possibility
that disease progression may alter concentrations of the
biomarkers under study, additional analyses were lim-
ited to breast cancer cases diagnosed with stage 0 or 1
disease.

For case–control comparisons, logistic regression
models were used to obtain odds ratio estimates (OR)
and 95% confidence intervals (CI). Cut points for cat-
egories of the metabolic factors were based on the
quartile distribution in controls. ORs were adjusted for
age (<35, 35–39, 40–44), BMI (quartiles), and time of
day of blood collection (morning vs other), and for the
subset of women with hormone data, phase of the
menstrual cycle (follicular, days 0–11; periovulatory,
days 12–16; midluteal, days 17–24; and other). Date of
the onset of the last menstrual period was obtained at
the time of the blood draw. Adjustment for established
breast cancer risk factors including ages at menarche
and first birth, alcohol use, race, ethnicity, oral contra-
ceptive use and family history of breast cancer did not
alter these findings and were not included in the final
models. Tests of trends were obtained by scoring the
categories and considering the scored variable as con-
tinuous in the logistic regression models. Pearson cor-
relations among metabolic factors in the controls were
obtained after logarithmic transformation of the data.
Tests of trend for BMI and anthropometric measure-
ments according to breast cancer risk factors in the
controls were obtained from standard linear regression
models by considering the scored breast cancer risk
factor variable as continuous. Analyses were conducted
using SYSTAT software [27].

Results

Table 1 presents the distribution of cases and controls
by selected demographic characteristics and known
breast cancer risk factors including age at menarche, age
at first birth, number of births, breast cancer in a first
degree relative, and duration of oral contraceptive use.
These results are consistent with findings from the full

Seattle/Puget Sound study, and with the exception of
increased risk for later age at menarche, agree with the
breast cancer risk profile for premenopausal women.
Cases were slightly older than controls (39 vs 38.2,
p=0.03), were more likely than controls to have blood
drawn early in the day (p<0.001), and the majority were
diagnosed with cancer in situ or at stage 1 [178 cases
(77%)]. Although blood collection did not target women
who were menopausal at the study interview, an addi-
tional 15 cases and 4 controls reported being naturally
or surgically menopausal at the time of blood collection.
Unless indicated, we included all participants in the
blood collection.

ORs for leptin, IGF-1, IGFBP3, c-peptide, prolactin
and several anthropometric measures including BMI,
height, weight, and waist-to-hip ratio (WHR) are pre-
sented in Table 2. Analyses were adjusted for age and
BMI (for the markers only) and are shown for the fol-
lowing groups: (a) all women who participated in the
blood component of the study (leftmost column); (b)
premenopausal women included in the study of circu-
lating sex hormones; and (c) the subset of breast cancer
cases diagnosed with stage 0 or 1 disease. Among the
entire study group, risks for leptin tended to decline with
higher levels, but neither the trend nor the risks were
significant (p trend=0.18). No consistent pattern of risk
was observed for IGF-1, IGFBP3 or c-peptide. ORs
decreased with increasing BMI, with the OR for all
categories significantly less than one (p trend £ 0.05).
Risks increased significantly for taller women (p
trend=0.05) and declined in heavy women, with the OR
for the heaviest women being 0.57, p<0.05). Risks for
WHR showed a similar pattern as BMI.

Restricting analyses to menstruating women, ORs
adjusted for phase in menstrual cycle for leptin, the
growth factors, c-peptide and prolactin were not signif-
icantly different from 1.0 and no trends were observed
for leptin, IGF-I or c-peptide. Risks associated with
increasing levels of IGFBP3 and to a lesser extent, pro-
lactin, appeared to increase with increasing levels, but
trends were not statistically significant. In contrast, ORs
associated with the anthropometric indicators varied as
observed in the larger study group, with significant
trends in risk for all the indicators. Among women
diagnosed at stages 0 or 1, risks did not vary in a con-
sistent manner for any of the markers under study and
were not significant. ORs for increasing BMI, weight and
WHR declined significantly, but risks for height did not
increase in a monotonic pattern (p trend=0.15).

Metabolic and breast cancer risk factors in controls

Levels of some markers were correlated among controls
(Table 3), including leptin with c-peptide (r=0.34,
p<0.05) and prolactin with c-peptide (r=0.21, p<0.05),
but unexpectedly, the correlation between IGF-I and
IGFBP3 was low and not significant (r=0.13). BMI
correlated positively with c-peptide and prolactin, and
inversely with IGF-I, but only the coefficient with
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c-peptide was significant (r=0.20; p=0.05). Correla-
tions between weight and the metabolic markers were
similar to those observed for BMI, while the coefficients
for height and WHR were slight and not significant.

BMI, weight and WHR varied with known breast
cancer risk factors among the controls; for descriptive
purpose we present box plots of BMI according to cat-
egories of each risk factor (Figure 1). BMI declined with
later age at menarche (p<0.01) and was significantly

different among racial groups (p=0.01), but did not
vary consistently according to age at first birth, educa-
tion, or years of oral contraceptive use. Adult height and
weight at blood draw varied significantly by race and
age at menarche, while WHR declined with later age at
menarche and with increasing years of oral contracep-
tive use (results not shown). Levels of leptin, c-peptide,
IGF-I, IGFBP3 and prolactin did not show consistent
patterns according to these breast cancer risk factors.

Table 1. Case–control distribution of demographic characteristics and odds ratios for selected breast cancer risk factors

Cases Controls Odds ratio* (95% C.I.)

Age mean, (range) 39 (20–44) 38.2 (25–44)

Race

Caucasian 208 (89) 214 (85)

African American 10 (4) 13 (5)

Other 15 (6) 24 (10)

Stage at diagnosis

0 68 (29)

1 111 (48)

2 50 (22)

3 2

Education

High school or less 40 (17) 44 (18)

Technical school 15 (6) 20 (8)

Some college 63 (28) 84 (34)

College graduate 70 (31) 57 (23)

Post graduate 40 (17) 39 (16)

Time of blood draw

Morning 87 (37) 44 (17)

Afternoon or evening 137 (59) 181 (72)

Unknown 9 (4) 26 (10)

Number live births

None 85 (36) 68 (27) 1.00

1 43 (18) 45 (18) 0.64 0.27, 1.56

2 71 (30) 84 (33) 0.54 0.24, 1.18

3 26 (11) 28 (11) 0.60 0.26, 1.39

4+ 8 (3) 26 (11) 0.23 0.09, 0.59

Age at menarche

<11 12 (5) 26 (10) 1.00

11 36 (15) 42 (17) 1.84 0.79, 4.25

12 72 (31) 68 (27) 2.07 0.95, 4.53

13 69 (30) 81 (32) 1.63 0.75, 3.55

14 22 (9) 17 (7) 2.49 0.96, 6.47

15+ 22 (9) 16 (6) 2.71 1.02, 7.22

22 (9) 16 (6) 2.71 1.02, 7.22

Age at first birth

Never 85 (36) 68 (27) 1.00

<20 22 (9) 37 (15) 0.48 0.25, 0.91

20–24 37 (16) 47 (19) 0.57 0.33, 1.01

25–29 47 (20) 60 (24) 0.54 0.32, 0.90

30+ 42 (18) 39 (15) 0.72 0.41, 1.26

Family history of breast cancer

Yes 36 (16) 15 (6) 2.79 1.47, 5.32

*Odds ratios are adjusted for age (3 categories).

Except for age, percents are provided in parentheses.
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Table 2. Odds ratios for leptin, growth factors, c-peptide, prolactin and anthropometric indices

Controls Cases Odds ratioa In hormone analysis Stage 0 or 1 at diagnosis

Controls Cases Odds ratiob Cases Odds ratioa

251 233 190 167 176

Leptin (ng/ml)

<16.2 63 72 1.00 49 49 1.00 58 1.00

16.2–27.55 62 59 0.88 49 45 1.14 44 0.79

27.55–45.95 63 56 0.80 45 40 1.12 39 0.69

>45.95 63 46 0.71 52 35 0.77 38 0.73

p trend 0.18 0.47 0.75

IGF-I (ng/ml)

<192.5 63 75 1.00 49 49 1.00 58 1.00

192.5–241.1 62 44 0.52* 48 34 0.60 37 0.58

241.2–300.4 62 56 0.63 48 41 0.67 41 0.61

>300.4 64 58 0.68 50 45 0.80 43 0.68

p trend 0.77 0.61 0.74

IGFBP3 (ng/ml)

<2030.4 58 50 1.00 46 39 1.00 36 1.00

2030.4–2224.1 66 50 0.81 55 40 0.87 37 0.85

2224.2–2659 64 81 1.38 50 53 1.24 61 1.46

>2659 61 52 1.00 43 37 1.38 45 1.21

p trend 0.50 0.92 0.93

C-peptide (ng/ml)

<2.68 62 57 1.00 51 40 1.00 43 1.00

2.68–4.15 62 67 1.26 46 47 1.17 52 1.13

4.16–5.93 63 65 1.19 49 49 1.39 51 1.28

>5.93 64 43 0.79 49 32 0.86 32 0.80

p trend 0.79 0.80 0.78

Prolactin (ng/ml)

<7.60 61 64 1.00 48 45 1.00 51 1.00

7.60–11.19 65 55 0.79 50 41 0.87 43 0.78

11.20–16.68 61 60 0.98 47 42 1.11 46 0.95

‡16.69 64 53 0.86 50 40 1.12 38 0.78

p trend 0.97 0.86 0.79

BMI (kg/m2)

<20 24 14 1.00 9 16 1.00 22 1.00

20–24.9 122 114 0.61 37 54 0.61 53 0.50

25–29.9 62 51 0.46 50 40 0.36* 40 0.36*

30+ 55 32 0.34 40 22 0.30* 22 0.27*

p trend 0.003 0.002 0.001

Height (cm)

<159.2 46 61 1.00 31 50 1.00 37 1.00

159.2–163.5 52 62 1.11 43 51 1.35 38 1.01

163.6–168.2 59 60 1.31 41 44 1.52 52 1.44

>168.2 73 63 1.63 53 46 1.93* 49 1.36

p trend 0.048 0.031 0.154

Weight (kg)

<59.2 72 60 1.00 53 44 1.00 57 1.00

59.2–66.0 59 61 0.79 45 45 0.83 45 0.76

66.1–78.2 56 62 0.75 41 52 0.65 43 0.72

>78.2 42 62 0.57* 28 49 0.48* 30 0.53*

p trend 0.048 0.013 0.030
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Discussion

Consistent with a large number of investigations of
breast cancer in premenopausal women, we observed
significantly reduced risks for elevated BMI, weight and
WHR, while risks for taller women were elevated. Risks
associated with increasing levels of serum leptin also
declined, although the estimates were not as low as those

for BMI and not significant after adjustment for BMI.
In contrast, the risk for obese women was significantly
reduced, even after adjustment for leptin. No consistent
associations were observed between breast cancer risk
and levels of IGF-I, IGFBP3, c-peptide or prolactin.
Reasons for the reduction in risk of breast cancer
associated with obesity in younger women are not
known. Most point to the hormonal pathway, since

Table 3. Correlations among markers in control women

BMI Weight Height WHR Leptin IGF-I IGFBP3 C-Peptide

BMI 1.00

Weight 0.99* 1.00

Height 0.09 0.16 1.00

WHR 0.11 0.09 )0.11 1.00

Leptin 0.08 0.07 0.003 0.04 1.00

IGF-I )0.13 )0.13 )0.04 )0.17 0.14 1.00

IGFBP3 )0.05 )0.05 )0.05 )0.08 0.08 0.13 1.00

C-peptide 0.20* 0.20 )0.04 0.04 0.34* 0.01 0.15 1.00

Prolactin 0.17 0.17 )0.04 )0.04 0.09 )0.03 )0.01 0.21*
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Figure 1. Boxplots of BMI among controls according to breast cancer risk factors.

Table 2. (Continued)

Controls Cases Odds ratioa In hormone analysis Stage 0 or 1 at diagnosis

Controls Cases Odds ratiob Cases Odds ratioa

Waist to Hip Ratio

<0.75 78 62 1.00 56 48 1.00 63 1.00

0.75–0.79 69 61 0.87 58 44 1.07 52 0.80

0.80–0.85 48 62 0.60* 32 50 0.53* 36 0.55*

>0.85 35 61 0.42* 22 49 0.36* 25 0.37*

p trend 0.001 <0.001 <0.00

aOdds ratios adjusted for age (<35, 35–39, 40–44) and for the markers, BMI (4 categories).
bOdds ratios adjusted for age (<35, 35–39, 40–44) and additionally for the markers, BMI (4 categories), time of blood draw (am vs pm) and phase

of menstrual cycle (follicular, luteal or other).

RT Falk et al.



obesity in premenopausal women is often accompanied
by anovulatory or irregular menstrual cycles, conditions
associated with altered estrogen profiles [28].

An increasing body of evidence suggests that in
addition to its role in energy homeostasis, leptin is in-
volved in the hypothalamic–pituitary–gonadal (HPG)
axis and reproduction, although its role in gonadal ste-
roidogenesis is not entirely clear. That sex hormones
influence leptin concentrations is supported by several
observations, including: leptin concentrations increase
at menarche, are higher in women of reproductive age
than men of comparable age, and correlate inversely
with testosterone levels in males and directly with
estradiol in females [29]. In preovulatory and midluteal
phase women, leptin concentrations parallel elevations
in circulating estradiol and luteinizing hormone (LH)
[30] and studies of cycling women show that combined
treatment with estradiol and progesterone stimulates
leptin secretion [31]. Finally, adipocytes dramatically
increase leptin secretion when cultured with estradiol,
while androgens inhibit this activity. Evidence is also
accumulating that leptin participates in regulating
ovarian folliculogenesis, with effects dependent on the
hormonal and metabolic environment in the follicle,
including levels of IGF-I, insulin and GH [32]. While the
results are not entirely consistent, it appears that a
minimum level of leptin is required for fertility but that
excess levels may limit estradiol secretion in the matur-
ing follicle and hinder ovulation. Our finding of a re-
duced breast cancer risk associated with elevated leptin
in younger women is consistent with this latter action
and with findings from another case–control study of
leptin in premenopausal disease [4], and supports the
argument that the inverse association between BMI and
premenopausal breast cancer risk operates through
altered hormone profiles. Unfortunately this cannot be
adequately addressed at present, since studies of leptin
in premenopausal breast cancer have been retrospective
in design, where levels of circulating sex hormones are
likely to be altered by disease and/or treatment.

Interest in the role of IGFs in breast cancer etiology
has been fueled by research demonstrating that these
factors may encourage tumor development directly by
regulating and enhancing cell growth, differentiation
and apoptosis in breast epithelial cells [33–36]. Recent
efforts to pool findings from epidemiologic studies that
evaluated the role of IGFs in breast cancer [9,37–39] link
premenopausal disease and elevated levels of IGF-I and
IGFBP3, but findings for both markers are modest
when analyses are limited to studies with prospectively
obtained samples. While our lack of finding of risk for
IGF-I is at odds with the overall conclusion from the
pooled studies, similar results have been reported from
several studies of premenopausal breast cancer cited in
these meta-analyses. This finding was not changed when
we excluded women diagnosed with more advanced
disease, where IGF-I levels are known to be low.

Several lines of laboratory and clinical evidence,
including some case–control studies [10–13] suggest a

link between insulin and/or markers of insulin resistance
and breast cancer, although results from investigations
using samples collected prior to diagnosis do not concur
with these findings [15,16]. Our study adds to the pre-
ponderance of findings from prospective studies which
do not support an association between c-peptide and
breast cancer risk.

The role of prolactin in breast cancer is controversial,
but the recent discovery of additional forms of the
prolactin receptor and the finding that prolactin behaves
in an autocrine/paracrine manner in breast tissue [40]
has renewed interest in this peptide hormone. Findings
from epidemiologic studies are inconclusive, with results
based on very small numbers of breast cancer cases. In
two of the three cohort studies with findings, prolactin
levels were associated with premenopausal breast cancer
risk, but not significantly [41–43]. We did not observe an
association between serum prolactin and breast cancer
risk in this population of younger women.

Finally, we did not observe the established correla-
tion between leptin and BMI among our controls, but as
expected from several clinical and experimental studies
[30], leptin and c-peptide levels were highly correlated.
Levels of IGF-I, IGFBP3, c-peptide and BMI were not
well correlated. The relationship between BMI and IGF-
I is not well understood, with some suggesting insulin
and growth hormone secretion is disrupted in very lean
or obese women [44] so that high IGF-I will be found
only in women with moderate BMI. While the finding
that BMI, weight and WHR declined with later age at
menarche is not unanticipated, it may explain the
unexpected elevated risk observed for this factor in this
study population.

The limitations of our study design warrant dis-
cussion, in particular that bloods were collected with-
out regard to time of day, or day within menstrual
cycle. Samples were non-fasting, obtained at a single
point in time, and for the cases, after breast cancer
diagnosis. Although efforts were made to control for
the hour of blood draw in the analysis, problems
arising from the sample collection may in part explain
the null findings. Although c-peptide provides a more
reproducible indicator of basal insulin secretion than
circulating insulin itself, it is likely our measure in non-
fasting samples reflects both recent food intake as well
as basal levels. There is little evidence of circadian
variability or influence of food intake for the IGFs,
but prolactin levels are quite variable since it is se-
creted episodically, with an early morning peak, and
levels are higher during ovulation, nursing, stress and
pregnancy. Similarly, leptin is secreted in a pulsatile
fashion with an early morning peak. Levels change
rapidly after forced feeding or fasting, but normal
feeding does not appear to affect concentrations. Fi-
nally, it is not likely that null results arose from
problems with the assays themselves, since the per-
formance of all the assays was acceptable, with mea-
sures of reproducibility comparable to values in other
studies in similar populations.
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Few efforts had been made to evaluate breast cancer
risks associated with leptin, prolactin, c-peptide or other
markers of insulin resistance, and growth factors in
studies utilizing bloods obtained prior to diagnosis.
Findings from case–control studies such as this are
inconclusive because levels of circulating biologic
markers in subjects for whom samples were collected
subsequent to breast cancer diagnosis may be influenced
by the disease process and/or treatment protocol. Thus,
although we restricted our case–control comparisons to
women whose blood was drawn before surgery or at
least six weeks post surgery and who were not receiving
adjuvant therapy, results must be viewed cautiously.
Additionally, imposing these restrictions further lowered
our participation rates. With the possible exception of
leptin, circulating levels of these metabolic factors do
not explain the inverse relationship between premeno-
pausal breast cancer risk and BMI. Future studies of
breast cancer in young women using prospectively ob-
tained specimens are needed to explore the interplay
between leptin, growth factors, anthropometric indica-
tors and sex steroid hormones.
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